In the past decades, a new direction has developed rapidly in materials science, connected with the production of ultradispersed powders (UDPs), investigation of their properties, and the creation of materials based on them. Ultradispersed materials, including or consisting of ultrasmall morphological elements (crystals, grains, dispersed inclusions) in a thermodynamically nonequilibrium state, may possess unique properties [1, 2] that cannot be achieved by traditional methods. The area of application of UDPs is extremely wide. They are used as functional additives and sintering activators in power metallurgy, as activators in polymerisation reactions, as modifi ers in alloys, composites, polymers, and elastomers, as functional gradient materials, and so on. It is obvious that the greatest effect from using UDPs can be obtained in mass production, in particular in engineering -in the production of rubber mechanical goods, where the product range is measured in hundreds and thousands, and the volume is measured in millions of articles per year.
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A fair number of various methods for producing UDPs, differing in technological possibilities, in powder quality, in throughput, and in economy, are now well known. At the beginning of the 1980s, the detonation method for synthesising ultradispersed diamond-graphite powder from explosives with a negative oxygen balance that break down with the formation of free carbon was developed and brought to industrial implementation [3] [4] [5] . This method has been studied in suffi cient detail, and the relationships between the main parameters -the mass of explosive, the chamber volume, and the specifi c heat of the gas -have been determined, making it possible to optimise the process of synthesis and retention of diamond phase [6] . A carbon composite of the necessary phase composition is produced by detonating explosive in a cooled gaseous atmosphere (for example, CO 2 ) in which free oxygen is present in a quantity of no more than 2 vol.%. In some systems of synthesis, water or ice cooling is used. By changing the composition of the cooling medium and the composition of the initial feedstock, the content of diamond modifi cation is regulated (from 0 to 80%) with the required degree of dispersion of the diamond and graphite. Change in the CO 2 content in the cooling atmosphere makes it possible to control the amount of diamonds retained, as the cooling rate affects the graphitisation process: the greater the CO 2 content, the higher is the content of diamonds in the carbon composite. It was revealed that, with a CO 2 content in the cooled medium of less than 40 vol.%, the content of diamond modifi cation in the carbon composite becomes lower than 18 wt.%. With a CO 2 content of over 60 vol.%, the diamond content in the carbon composite increases to 38% and higher [6] .
Under conditions of pilot-plant and industrial production, powders can be produced that possess the following properties:
• diamond-graphite powder (UDP-DG) -a highly porous powder of mat black colour with a particle size of 2-12 nm, a specifi c surface of 200-600 m 2 /g, a mass fraction of carbon in the charge of no less than 85%, and a mass fraction of incombustible additions of no more than 10% [5, [7] [8] [9] [10] T/10 methods) -a grey powder without impurities with a particle size of 2-12 nm, a specifi c surface of 200-400 m 2 /g, a content of cubic carbon phase of no less than 90%, and a content of metallic additions of Ca, Fe, Cu, Al, Cr, Si, etc., of no more than 2% [5, [8] [9] [10] .
The fi rst industrial production of UDP-DG and UDP-D was organised in the 1980s at the Altai Research and Production Association (in the town of Biisk). There also, scientifi c research and pilot-plant work was carried out in the area of creating technologies and materials of different designation with additions of UDP-DG and UDP-D [9, 10] . A little later, combined work in this fi eld was done in the Nanophase Materials Section of the Krasnoyarsk Scientifi c Centre of the Siberian Department of the Russian Academy of Sciences and the Problem-solving Laboratory of Ultradispersed Materials of the Krasnoyarsk State Technical University under the supervision of A. M. Starev [9, [11] [12] [13] . Several production sections for the synthesis of UDP-DG were set up, original technology was developed for purifying the mix of graphite and impurities, and 20 different materials were created. On detonation of the explosive (an alloy of trinitrotoluene with hexogen) in an explosion chamber fi lled with CO 2 , powders are produced that contain, when dried, up to 35 wt.% nanodiamonds, 55-60% non-diamond forms of carbon, 1.5% moisture, and 5-10% metal-containing impurities. Elemental analysis of the powders showed the presence of up to 88% carbon, 4% oxygen, 1% hydrogen, and 0.5% nitrogen. The nondiamond forms of carbon contain graphite-like carbon and amorphous disordered carbon [14] .
From the thermal desorption spectra of powders, the formation of H 2 O, CO 2 , CH 4 , and hydrocarbons, including aromatic hydrocarbons, was found. By fl otation methods in water it is possible to separate no more than 2-5% carbon with a hydrophobic surface, which makes it possible to confi rm that the surface of the carbon particles is characterised by inhomogeneity -the presence of hydrophilic and hydrophobic areas.
The specifi c surface of the powders, determined by low-temperature adsorption of nitrogen, amounts to roughly 400-600 m 2 /g. The patchiness of the surface of the carbon particles and their small size intensify the structure formation processes in different media.
Processes of precipitation of nanodiamonds from UDP-DG include the dissolution of metal-containing impurities and the oxidation of non-diamond carbon. The surface of nanodiamonds in these processes is made considerably hydrophilic, and there is an increase in the number of oxygen-containing groups, including protogenic groups dissociating in the aqueous medium with splitting off of a proton. As a result of dissociation of such groups, aqueous dispersions of nanodiamonds isolated from the synthesis products by widely used methods have an acidic reaction, while the particles of nanodiamonds acquire a negative charge. Viscometric investigations showed that the thickness of the double electric and hydrate layers on the surface of the particles is comparable with their radius [15] . However, in spite of the presence of such layers on the surface of nanodiamonds in an aqueous medium, aggregation of the dispersed particles occurs. The interaction of particles or aggregates occurs over areas containing hydrocarbon radicals [16] . Increase in the concentration of solid phase in such systems leads to the formation of a coagulation structure (sol-gel transition) with a volume fraction of nanodiamonds as small as ~1% [15] .
The specifi c structure and properties of the products of detonation synthesis of hydrocarbons (TDC -technical diamond carbon, UDD -ultradispersed diamonds) give rise to interest in their use as nanodispersed fi llers of elastomer composites [17] [18] [19] [20] [21] . TDC can be used in elastomer composites as a promising physical modifi er of general-and special-purpose rubbers to increase the abrasive wear resistance of isoprene rubber and fl uoroelastomers [17] , the cold resistance of sealing rubbers based on butadiene-acrylonitrile rubber [20] , the rubber-to-textile cord bond strength [20] , etc. A comparative study of the physicochemical properties of the main fi ller of elastomer composites -carbon black and synthetic nanodispersed carbon materials ( Table 1 ) -showed that the conditions of formation of dispersed units of the investigated materials have a decisive effect on the formation of their structurally dispersed parameters (morphology), the chemical and energy state of the surface, and consequently the adsorption and reinforcing activity [22] . According to existing concepts, a characteristic feature of carbon fi llers is their capacity to form coagulation thixotropic structures in the hydrocarbon medium [23] .
In a complex microheterogeneous and heterophase system such as fi lled rubber, the reinforcing action of the fi ller is determined by many factors. In this connection it is expedient to study the properties of the main elements of the reinforced rubber (carbon and carbon-polymer structures) in simpler systems -concentrated sedimentation-stable dispersions of fi llers in a low molecular weight hydrocarbon and solutions of rubbers. Such systems are regarded as models of fi lled elastomer composites [24, 25] .
It was shown that the properties of model dispersions and rubber mixes depend on the fi ller concentration (Figure 1 ) necessary for the formation in the hydrocarbon medium of a strengthened coagulation structure which is determined by the nature of the fi ller and its physicochemical properties. The degree of fi lling that corresponds to the formation of a three-dimensional carbon structure corresponds to the start of a sharp increase in mechanical strength in the systems examined. It was established that, for the formation of a strong carbon structure in dispersions of TDC and UDD, considerably smaller concentrations (~25 parts) are needed than for a dispersion of active carbon black (see Figure 1) . Such a signifi cant difference is due to the high capacity of TDC and UDD particles for the formation of developed structures.
In the fi lling of elastomer composites, carried out in the testing of fi llers according to the ISO 3257 standard (50 parts fi ller to 100 parts rubber), the reinforcing activity of the given carbon materials is lower than that of the main grades of carbon black and at the same level of low-activity grades of carbon black. The highly dispersed materials increase the viscosity of the rubber mix sharply and give the vulcanisates increased hardness and low elasticity. From this it follows that, independently, the given materials can fi nd only limited use in the manufacture of low-strength polymer composites of non-critical designation. However, the high energetic surface activity of the investigated materials [22] makes it possible to assume the possibility of their combination with carbon black in the synthesis of elastomer composites, which will enable the combination of properties of the combined fi llers to be improved [26, 27] .
The most effective means of using several fi llers is their preliminary combination with dust-forming carbon black in a granulator mixer by the so-called wet method [28] . When carbon black is combined with an aqueous dispersion of synthetic fi ller, particles of the latter are distributed more uniformly in the mass of carbon black than in the case of dry mixing. Here, as a result of blocking of particles of the second component by dispersed units of carbon black, there is a considerable reduction in their proneness to agglomeration or condensation, which makes it possible to retain the increased degree of dispersion of fi llers that is realised during peptisation in aqueous phase. In turn, discretely distributed particles of secondary fi llers prevent the agglomeration of carbon black in the elastomer matrix and promote its dispersion and the formation of a more developed polymer/fi ller phase boundary. As a result of the given features, rubber mixes and vulcanisates with binary fi llers, obtained in aqueous phase, are characterised by an improved combination of processing and mechanical properties.
The dependence of the physicomechanical properties of vulcanisates based on general-purpose rubbers on the ratio of components of the binary fi ller based on P245 carbon black are presented in Table 2 .
It was established that a certain contribution to the structure formation and properties of polymer composites is made by specifi c properties of the nanocarbon. Thus, even a small content of highly dispersed TDC and UDD, characterised by large specifi c surfaces, in the composition of the binary fi ller promotes an increase in stress under prescribed elongation and an increase in the specifi c strength and abrasion resistance of the vulcanisates. Increase in the bond strength with increasing fraction of TDC in the binary fi ller seems to be connected with strengthening of the adhesion fi lm by the diffusion penetration of nanoparticles of the fi ller into the fi lm from the mix.
Thus, the use in elastomer composites of dispersed carbon fi llers of artifi cial origin is most effective when they are precombined with carbon black in aqueous phase, which is one of the effective methods for directional synthesis of elastomer composites with a prescribed combination of processing and mechanical properties. 
